Abstract In order to enzymatically produce chitooligosaccharide using the crude enzyme preparation from Bacillus cereus D-11, we first studied the optimal reaction conditions. It was found that the optimal temperature for hydrolysis of chitosan was 55 o C. The ratio of enzyme/substrate should not be lower than 0.13 U/mg in the reaction mixture. The enzyme activity was stable below 50 o C. The products of enzymatic reaction were analyzed by both thin layer chromatography and high performance liquid chromatography. Under the appropriate condition, chitosan was hydrolyzed using the enzyme preparation. The resulting chitooligosaccharides were purified and separated by Dowex (H + ) ion exchange chromatography. From 4 g soluble chitosan, 0.95 g (GlcN) 2 , 1.43 g (GlcN) 3 , and 1.18 g (GlcN) 4 were recovered.
Introduction
Chitosan is insoluble in most solvents but is soluble in dilute organic acids. The use of chitosan is limited because of its insolubility in water, high viscosity, and tendency to coagulate with proteins at high pH. In dilute aqueous acetic acid solution, the free amino groups of chitosan bond with H + to form R-NH
3+
, resulting in a soluble chitosan. When [H + ] is low, the degree of NH 2 protonation is also low. It is means the pH value of the solution should be selected in a proper range (Tian et al., 2003) .
Chitosan oligosaccharides (COS) are bioactive compounds widely used in the fields of food, health care and agriculture. Several methods have been reported during the past few decades regarding the preparation of COS from chitosan, including enzymatic degradation and hydrolysis of chitosan through oxidation, UV, ultrasonication and irradiation. Among these methods, acid hydrolysis of chitosan is the most frequently used one for preparation of COS. The COS were obtained by HCl (Domard and Cartier, 1989) , nitrous acid (Furusaki et al., 1996) , phosphoric acid (Hasegawa et al., 1993) and hydrogen fluoride (Defaye et al., 1994) and HNO 2 (Tommeraas et al., 2001) hydrolysis.
Alternatively, enzymatic hydrolysis of chitosan is regarded to be a potential method that can be instead of the chemical method in future. The enzymatic production of COS has been reported for few decades. Kuroiwa et al. (2002) studied the reaction conditions for effective production of pentamers and hexamers with enzyme preparation, and observed that it is greatly dependent on surface enzyme density, support particle size, temperature, aggregation speed, and initial substrate concentration.
Selection of suitable, highly active, and substrate-specific chitosanase for enzymatic hydrolysis of chitosan is important step without any doubt. On the other hand, after hydrolysis, selection of an effective method to separate the chitosan oligomers is also important. In this study, we tried to produce chitosan oligosaccharide using the crude enzyme preparation obtained from D-11. × 49 mm) and Dowex (H + from, Bio Rad Laboratories, Tokyo, Japan) 50WX4-200 ion exchange resin were purchased from Sigma-Aldrich. The chitosan oligomers were obtained from Wako Chemicals (Osaka, Japan). Effect of enzyme amounts on production of COSs. B. cereus D-11 was cultured in broth medium at 30 o C for 3 days. The culture supernatant after centrifugation was dialyzed through a 0.5 kDa cutting-off dialysis membrane. The resultant solution was used as the enzyme preparation for the following experiments. To assess the effect of enzyme amount on COSs production, 0.5-2 mL enzyme preparation (7.5 U/mL) was incubated with 2 mL of 2% soluble chitosan (40 mg) in a total volume of 4 mL at 37 o C for 30 min. The reducing sugar was measured by DNS method (Miller, 1959) . Effect of temperature and thermal stability of chitosanase. For determination of optimal temperature, the reaction was carried out at various temperatures for 1 h. For measurement of thermal stability, enzyme preparation was firstly incubated at various temperatures for 1 h, and then it was incubated with soluble chitosan at 37 o C for 30 min. COSs production using enzyme preparation. 200 mL of 2% soluble chitosan solution (pH 5.5) was incubated with 100 mL of chitosanase (750 U) at 55 o C for 18 h. The reaction was terminated by heating at boiled water for 5 min.
For separation of each COS produced from the enzymatic hydrolysis, 20 mL of reaction product were applied into a Dowex ion-exchange chromatograpy (2.1×50 cm) which had been equilibrated with 1 N HCl. The column was eluted by a step-wise gradient of HCl solution from 1 to 4.5 N. The fractions were collected in a coning tube (15 mL/tube).
The separated chitosan oligomer from the column chromatography was pooled together and then concentrated under reduced pressure with a rotary vacuum evaporator. After that, it was precipitated in an ethanol solution 50% (v/v) and then dried in a freeze dryer. Analysis of COSs. The COS separated from the column was checked by a Ninhydrin method. From a fraction collector, 0.1 mL of COSs solution was taken and the pH was adjusted to neutral with 1 N NaOH and then 1 mL of 0.2% Ninhydrin solution was added. After boring at 100 o C for 20 min, the mixture of each fraction was determined in terms of the absorbance at 570 nm. The COSs were checked by thin layer chromatography (TLC) (Jo et al., 2003) . The amount of COSs in the reaction mixture was also analyzed by HPLC (model LC-10 AD, Shimadzu, Japan) (Gao et al., 2009 ).Amounts of oligosaccharides produced were calculated by comparing peak areas with those of the authentic chitosan oligomers.
Results
Effect of the enzyme amount on chitosan degradation. To investigate the effect of enzyme amount on the degradation of chitosan, 40 mg of soluble chitosan was incubated with various amounts of crude enzyme (7.5 U/mL) at 37 o C for 30 min in a total volume of 4 mL. The enzyme used in the reaction ranged from 0-15 Units. From the results shown in Fig. 1 , it was found that the degradation of chitosan was very slow when lower than 5.25 Units of enzyme (or enzyme/chitosan ratio is 0.13 U/mg) were incubated with 40 mg soluble chitosan. The hydrolysis rate increased rapidly when the enzyme amount increased from 5.25 to 7.5 Units (or enzyme/chitosan ratio is 0.135 to 0.19). From 7.5 Units (0.19 U/mg), more enzyme amounts added in the reaction solution resulted in a slow increasing of the chitosan degradation rate. Effect of temperatures on the degradation of chitosan. To understand the effect of temperature on the chitosan degradation, the enzyme reaction was carried out at various temperatures (37-70 o C) for 1 h (Fig. 2) . The results showed that the highest hydrolysis rate was at a temperature range from 55-65 o C. The thermostability of the enzyme was also studied. As shown in Fig. 2 , the enzyme was stable below 50 o C. The enzyme activity lost dramatically at a temperature higher than 60 o C. 80% of the total enzyme activity lost at 70 o C for 1 h. The enzyme reaction was carried out at various temperatures, leading to a different hydrolysis rate as shown in Fig 4. In addition, the products of enzyme reaction were analyzed by both TLC and HPLC. From the TLC results shown in Fig. 4 , it was found that the products of enzyme reaction at 37-70 o C were mainly composed of (GlcN) 2 , (GlcN) 3 and (GlcN) 4 . The 
